Five oxindole alkaloids, three plumerane-type alkaloids, subtype haplophitine, and one aspidospermatane-type alkaloid, subtype tubotaiwine, were isolated from the medicinal plants Aspidosperma rigidum and A. schultesii. One compound was identifi ed as the transoid conformer of 18-oxo-O-methylaspidoalbine which was not previously described. The antiparasitic activity of all compounds against Trypanosoma cruzi and Leishmania infantum and their non-specifi c cytotoxicity against mammalian cells were also determined.
Introduction
The crisis of re-emerging infectious diseases and the resistance of many pathogens to currently used drugs are widely recognized as being of serious and immediate concern. The different forms of leishmaniasis require expensive treatments, and the medicines used today, pentavalent antimonial and/or pentamidine salts, exhibit toxicity along with numerous side effects. Nifurtimox and benznidazole, used to treat the acute stages of Chagas' disease, are poorly tolerated. However, higher plants are a potential source of new antiprotozoal drugs (Phillipson and Wright, 1991) . Furthermore, alkaloids have been found to be more effective antileishmanial agents than other natural products (Mishra et al., 2009) .
Medicinal plants are a very important component of the biodiversity and traditional medicine of the Peruvian Amazonian region (Rojas et al., 2003) . Various trees of the genus Aspidosperma (Apocynaceae) are used in northwest Amazonia to prepare remedies against fever and rheumatism and as a source of timber (Schultes and Raffauf, 1990; Oliveira et al., 2009) . Previous studies reported that the bark of A. ramifl orum exhibits antibacterial activity against Bacillus subtilis and Staphylococcus aureus, and that the aerial parts show antiviral activity (Tanaka et al., 2006; Verpoorte et al., 1983; Roming et al., 1992) . Species belonging to the Aspidosperma genus were extensively reported as being useful in the treatment of malaria. Additionally, Aspidosperma extracts showed very good antiprotozoal activity in vitro, including leishmanicidal and trypanocidal activities (Weniger et al., 2001 ). This genus is characterized by the occurrence of indole alkaloids (Cordell, 1979; Mitaine et al., 1996; Pereira et al., 2007) .
As part of our ongoing work on antiparasitic compounds from Peruvian Amazonian plants (Ruiz-Mesía et al., 2005) , we have studied the South American species A. rigidum and A. schultesii (Arndt et al., 1967; Gould et al., 2002) which are used as a popular remedy in Peru (Kvist et al., 2006; Sanz-Biset et al., 2009 ). Here we describe the isolation and purifi cation of nine alkaloids whose structures were established through a comprehensive NMR study and by comparison with published data of similar compounds. Additionally, their antiparasitic activity against Trypanosoma cruzi and Leishmania infantum and their non-specifi c cytotoxicity on cell cultures were evaluated.
Results and Discussion
The study of the basic leaf, bark, and root extracts of A. rigidum and the basic bark extract of A. schultesii afforded nine alkaloids. Compounds 1 -5 were found to be oxindole alkaloids, 6 -8 to be plumerane-type alkaloids, subtype haplophitine, and 9 to be an aspidospermatane-type alkaloid, subtype tubotaiwine. All of these alkaloids have previously been isolated except for compound 8, which is the transoid conformer of 18-oxo-O-methylaspidoalbine.
The spectroscopic data of alkaloids 1 -5 displayed characteristic absorption bands for oxindole alkaloids (Titeux et al., 1975) , while the mass spectra of alkaloids 1 -3 showed a molecular ion 
N H
peak at m/z 398.18 corresponding to the molecular formula C 22 H 26 N 2 O 5 and a fragmentation pattern characteristic of pentacyclic oxindole alkaloids (Gilbert et al., 1963) . However, the molecular ion and fragment ion peaks of alkaloids 4 and 5 were 30 units (OMe) greater than those found for alkaloids 1 -3, indicating the presence of an additional methoxy group in the aromatic moiety. Their mass spectra were very similar to that reported for carapanaubine (Gilbert et al., 1963) . A complete unambiguous assignment of the proton and carbon signals of alkaloids 1 -5 (Fig. 1) (Tables I and II) and by comparison with published data for similar alkaloids (Pousset et al., 1967; Ripperger, 1977; Lounasmaa and Kan, 1980; Seki et al., 1993) . Alkaloids 1 -3 proved to be caboxine A, caboxine B, and isocaboxine B, and 4 and 5 were found to be carapanaubine and isocarapanaubine, previously isolated from Cabucala fasciculata (Titeux et al., 1975) , Aspidosperma carapanauba (Giebert et al., 1963) , and Rauwolfi a vomitoria (Amer and Court, 1980) , respectively.
Alkaloid 6 was obtained as resin with a molecular ion peak at m/z 354.1874, corresponding to the molecular formula C 21 H 26 N 2 O 3 , a fragmentation pattern similar to that of an aspidosperminelike skeleton with the presence of a tetrahydrofuran ring, and a base peak at m/z 138 (Djerassi et al., 1962) . The spectroscopic data (IR, UV, 1 H and 13 C NMR) were essentially identical with those of haplocidine, previously isolated from different Aspidosperma species (Cava et al., 1963; Robert et al., 1983; Mitaine et al., 1996) (Fig. 2) .
Alkaloids 7 and 8 were isolated as amorphous solids. Their mass spectra gave a molecular ion at m/z 442 and 456, respectively, and both exhibited an unusual fragmentation with m/z 160 as the base peak. Their UV spectra were nearly identical to that of the indole alkaloid O-methylaspidoalbine (Brown et al., 1966) . The 1 H and 13 C NMR spectra of compounds 7 and 8 (1D and 2D NMR experiments, Table III) were closely related except for one peak of an additional methoxy group in the spectrum of alkaloid 8. Additionally, the signal at δ H 4.04 ppm (1H, dd, J = 11.2, 4.9 Hz) correlated (NOESY experiment) with signals at 2.40 and 2.53 ppm (1H each, m, H-23A and H-23B) assigned to H-2α of alkaloid 7. However, H-2α of 8 showed a shift of 0.40 ppm to lower fi eld due to the infl uence of the carbonyl group without spatial correlation with H-23 (NOESY). This spectroscopic evidence suggested that the -NCOCH 2 CH 3 group is oriented towards C-2αH in alkaloid 7, being identifi ed as 18-oxo-aspidoalbine, previously isolated from A. exalatum (Medina and Hurtado, 1977) , while alkaloid 8 is the transoid conformer of alkaloid 7. The spectroscopic data of 8 differed from that published for 18-oxo-O-methylaspidoalbine, and its optical activity had the same value with an opposite sign. This compound has not been described as a natural product (Fig. 2 ). Alkaloid 9 was identifi ed as 11-hydroxytubotaiwine based on its 1 H and 13 C NMR spectral data and by comparison with published data for similar alkaloids (Aimi et al., 1994) . The 2D NMR experiments confi rmed the chemical shifts of the remaining protons of alkaloids 6 -9.
The results of the antiparasitic and cytotoxic activities assays of alkaloids 1, 2, 4, and 6 -8 are summarized in Table IV . Compound 1 had significant antiparasitic effects at a dose of 100 μg/ml (only one dose could be tested due to scarce compound availability), and was more toxic against L. infantum than against T. cruzi; 2 was active against T. cruzi with an ED 50 value within the upper range of the positive control nifurtimox, while 4, 6, 7, and 8 were inactive. None of these compounds were toxic against mammalian CHO cells.
The different activity patterns of 1 and 2 could be attributable to the difference in the stereochemistry of the B-ring of these compounds. An additional methoxy group at C-10 in 4 resulted in a loss of trypanocidal activity compared with 2. This is the fi rst report on the antileishmanial and antitrypanocidal effects of the A. rigidum alkaloids caboxine A (1) and caboxine B (2). However, the antiplasmodial and antileishmanial effects of Aspidosperma spp. have been linked to the presence of alkaloids. Three alkaloids (fendlerine, aspidoalbine, and aspidolimidine), isolated from the stem bark of A. megalocarpon, exhibited strong antimalarial activity in vitro (Mitaine et al., 1998) , and several Aspidosperma alkaloids were modest antiplasmodial agents (MitaineOffer et al., 2002) . Previous studies showed that an alkaloid extract of A. ramifl orum was effective against Leishmania amazonensis (Ferreira et al., 2004) . Ramifl orines A and B purifi ed from A. ramifl orum showed signifi cant activity against L. amazonensis with potency values similar to those of compound 2 [LD 50 values of (16.3  1.6) μg/ ml and (4.9  0.9) μg/ml, respectively] (Tanaka et al., 2007) . However, little is known about the antitrypanocidal components of Aspidosperma spp. The mode of action of alkaloids 1 and 2 is not known. The main targets of antileishmanial compounds are mitochondria and ergosterol synthesis. The mechanism of action pentamidine involves mitochondrial functions (Sun and Zhang, 2008) . Paromomycin inhibits protein synthesis by binding to 16S rRNA (Vicens and Westhof, 2001) . Similarly to other polyene antifungals, amphotericin B interferes with ergosterol, the main component of fungal cell membranes (Baginski and Czub, 2009 ). Delorenzi et al. (2001) reported that a monomeric indole alkaloid, coronaridine, causes pronounced ultrastructural alterations in the mitochondria of promastigotes and amastigotes, as assessed by transmission electron microscopy; compounds 1 and 2 could have a similar mode of action. 
Experimental

General experimental procedures
Optical rotations were determined in CHCl 3 at room temperature using a Perkin-Elmer (Waltham, MA, USA) 137 polarimeter. IR spectra were taken on a Perkin-Elmer (Barcelona, Spain) 1600 FT spectrometer. UV spectra were measured on a Hewlett-Packard (Minnea polis, MN, USA) HP-8254-A instrument. NMR spectra were measured on a Bruker (Rheinstetten, Germany) AMX2 500 MHz spectrometer with pulsed fi eld gradient using the solvent as internal standard (CDCl 3 , at δ H 7.26 ppm and δ C 77.0 ppm). The programs used in two-dimensional (2D) NMR experiments (HMBC, HSQC, COSY, and NOESY) were those furnished with the manufacturer's software. EIMS and exact mass measurements were recorded on a Micromass Autospec (Manchester, UK) instrument at 70 eV. Alumina (Merck, Darmstadt, Germany; art. 1.01077) and silica gel 60 F 254 (Merck; art. 105715) were used for column chromatography and preparative TLC, respectively. Alkaloids were visualized on TLC plates with Dragendorff's reagent. 
Plant material
Trypanocidal activity and cytotoxicity assays
Antitrypanocidal activity and non-specifi c toxicity were evaluated against epimastigote forms of Trypanosoma cruzi (Y strain) and CHO cells (mammalian Chinese hamster ovary cells), respectively, as described by (González-Coloma et al., 2002) .
Leishmanicidal activity
Leishmanicidal activity was evaluated against promastigote forms of Leishmania infantum (PB75 strain), cultured at 28 °C in RPMI medium supplemented with 10% fetal calf serum. Parasites in the logarithmic growth phase were distributed in 96-well fl at-bottom plates. The compounds were dissolved in DMSO (<0.2%) and added to the cultures at several concentrations for 72 h. Amphotericin B was used as the reference drug, and parasite viability was analysed by means of the modifi ed 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay (González-Coloma et al., 2002) . The activity was calculated as % mortality, and ED 50 values (effective dose to obtain 50% culture growth) were determined from linear regression analysis. The compounds were tested at concentrations of 100, 50, 25, 10, 5, and 1 μg/ml in order to determine the ED 50 values, except 1 (on parasites and CHO cells), 2 and 4 (on CHO cells), which were tested at only one dose due to lack of product.
The non-specifi c toxicity of the extracts, evaluated on CHO cells, was calculated as % viability.
Extraction and isolation
Air-dried and powdered leaves and bark of A. rigidum (0.6 and 1.76 kg, respectively) and bark of A. schultesii (2.56 kg) were extracted repeatedly with ethanol (4 l). After removing the solvent under reduced pressure, the EtOH extracts of A. rigidum (72.3 and 16.9 g) and A. schultesii (165.9 g), respectively, were treated with 1.0 M H 2 SO 4 , fi ltered, and extracted with CH 2 Cl 2 to obtain an acidic residue at pH 2 from A. rigidum (1.07 and 2.2 g) and A. schultesii (14.1 g). The acidic aqueous layers were then adjusted to pH 10 with concentrated NaOH and extracted with CHCl 3 to give a basic residue. The basic residue of A. rigidum (753.7 g) was subjected to column chromatography over alumina, eluted with n-hexane (100%), n-hexane/EtOAc, and EtOAc (100%), to afford 51 fractions of 250 ml each. Fractions 26 -29 were combined and concentrated to produce a yellow foam (106.5 mg). Chromatography indicated that this was a mixture of three compounds, which were separated by preparative TLC on silica gel 60 F 254 (art. 1.05715) eluted with n-hexane/EtOAc (40:60) to afford caboxine A (1) (57.7 mg), caboxine B (2) (10.4 mg), and isocaboxine B (3) (2.6 mg). The second basic residue (490.0 mg) was subjected to column chromatography over alumina and eluted under the same chromatographic conditions as described above producing two alkaloids, carapanaubine (4) (29.5 mg) and isocarapanaubine (5) (9.6 mg). Moreover, 1.5 kg of fi nely powdered roots of A. rigidum were extracted with EtOH and treated as described above to afford a basic residue (803.1 mg). Further purifi cation of this residue by column chromatography over alumina under the same chromatographic conditions as described above afforded the alkaloid haplocidine (6) (12.0 mg). The basic extract (1.72 g) from A. schultesii was chromatographed on a Sephadex LH-20 column eluted with n-hexane/CH 2 Cl 2 / MeOH (3:1:1) to afford 54 fractions. Combining similar fractions allowed us to group them into the major fractions A (187.3 mg), B (147.7 mg), and C (275.5 mg). Alkaloid 7 (73.0 mg) was isolated from fraction A, alkaloid 8 (70.0 mg) from fraction B, and alkaloid 9 (9.0 mg) from fraction C. (Zeches et al., 1995) . (7) (Medina and Hurtado, 1977) . (Aimi et al., 1994) .
18-Oxo-aspidoalbine
18-Oxo-O-methylaspidoalbine
